INTRODUCTION
Thermoelectric conversion is an environmentally-friendly energy technique that uses waste heat to generate electrical energy. The energy conversion efficiency of thermoelectric materials is described by the dimensionless figure of merit ZT [1] [2] [3] . Skutterudites have attracted attention as thermoelectric materials which operate efficiently at temperatures ranging from 500 K to 900 K. Skutterudites have eight body-centered cubic sublattices with two voids in a unit cell. Atoms (rattlers) which fill these voids cause phonon scattering due to lattice vibrations at unique frequencies. This phonon scattering acts to greatly decrease thermal conductivity, which is an important factor for improving its thermoelectric performance [4] [5] [6] 
where V H is the potential difference between Hall probes, t is the thickness of the specimen, I is the applied electric current, and B is the applied magnetic field. The carrier concentration (n) can be obtained from Eq. 2:
where e is the electron charge, μ is the carrier mobility, σ is the electrical conductivity, and k H is the degree of degeneration, which depends on the carrier scattering factor. In this study, a magnetic field of 1
T and a direct current of 50 mA were applied at room temperature, assuming k H = 1 as is the case for a single parabolic band. The Seebeck coefficient (α), electrical conductivity (σ), and thermal conductivity (κ)
were measured at temperatures ranging from 323 K to 823 K. The Seebeck coefficient was measured using the temperature differential method (Ulvac-Riko, ZEM-3), where the Seebeck voltage generated by a temperature gradient is measured between both ends of the specimen. The electrical conductivity was measured using the DC four-probe method (Ulvac-Riko, ZEM-3).
The thermal diffusivity (D), specific heat (c p ), and density (d) were measured for each sample using the laser flash method (Ulvac-Riko, TC 9000H), and the thermal conductivity was calculated using Eq. 3:
The power factor (PF) and dimensionless thermoelectric figure of merit (ZT) were evaluated using Eqs. 4 and 5, respectively, using the measured Seebeck coefficient and electrical conductivity: was detected in addition to the skutterudite phase. The fraction of marcasite significantly decreased with increasing
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Co concentration, as shown in Figs. 1(b) and 1(c). As the contents of filled Ce and substituted Co increased, the diffraction peaks shifted to higher angles, indicating the lattice constant decreased. This resulted from differences in the ionic radii; the ionic radii of Yb (116 pm) and Fe (75-92 pm) are larger than those of Ce (102 pm) and Co (69-75 pm) [12] . Consequently, the lattice constants decreased as the content of Ce and Co increased. The calculated lattice constants are listed in Table 1 . Figure 2 shows SEM images and EDS line scans of (Ce 1-z Yb z ) 0.8 Fe 4-x Co x Sb 12 . The matrix phase corresponds to the skutterudite, but a secondary phase was also observed, which is enlarged in Fig. 2 . From the EDS analysis, the secondary phase was estimated to be the marcasite FeSb 2 phase, which is consistent with the XRD results. The partially-filled (Ce 1-z Yb z ) 0.8 Fe 4 Sb 12 without Co charge compensation generated a large number of secondary phases. However, as the content of Co increased, the number of secondary phases considerably decreased, which implies that the skutterudite phase could be stabilized by Co substitution. In this study, rare-earth antimonides such as CeSb 2 , YbSb 2 , and (Ce,Yb)Sb 2 were not produced, all of which one would expect to see from partial filling. Table 1 Table   1 , the electric conductivity decreased due to differences in the valences of Ce and Yb and to the reduction in carrier concentration caused by the Co charge compensation. 
where the electronic thermal conductivity can be calculated using the Wiedemann-Franz law (κ E = LσT) and the Lorenz constant (L) was assumed to be 2.00 10
The total thermal conductivity decreased with increasing temperature and then increased again at 623 K, which was due to bipolar conduction. x Co x Sb 12 . As the temperature increased, the ZT value increased and reached a maximum value at a certain temperature. As shown in Eq. 5, this was attributed to the decreased Seebeck coefficient (the power factor) due to intrinsic transitions and the increased thermal conductivity due to bipolar conduction. As the content of Co increased, the temperature corresponding to the peak ZT value shifted to lower temperatures. In the case of (Ce (Ce,Yb)Sb 12 phases were not formed due to partial filling.
The lattice constants decreased with increasing Ce and Co contents. The electrical conductivity showed a negative temperature dependence, as is the case in degenerate : (a) total thermal conductivity, (b) electronic thermal conductivity, and (c) lattice thermal conductivity. 
